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Introduction
Groups of customers in the form of user communities can exercise a powerful influence on the market, due to the speed with which they can disseminate information (Prahalad and Ramaswamy 2000) . For instance, closely-knit, networked groups of customers can play a vital role for the adoption and diffusion of innovations (Chakravorti 2004) . Furthermore, user communities can also be seen as an additional source of external ideas for firms pursuing an open innovation model (Chesbrough 2003) . In particular, these communities have the potential to assist firms in organising and prioritising the pool of user information regarding their needs, feedback to existing products as well as ideas for new products. The access to and integration of such community-generated information have been demonstrated by various studies to contribute significantly to product development (Jeppesen and Molin 2003; Jeppesen and Frederiksen 2006; Prügl and Schreier 2006) .
But before firms can leverage user communities for innovation management, it is important to firstly understand why these user communities exist, what their goals are and how they function.
To address these issues, this paper examines user groups from a proprietary software producer Computer Associates (CA), and aims to identify determinants of successful user communities.
An important premise for the existence of user communities is that the transmission and acquisition of (tacit and codified) knowledge can be both difficult and costly. In contrast to codified knowledge, tacit knowledge can be neither expressed in a particular language nor recorded on a particular medium, and is as a result not readily transferable (Cowan et al. 2000; Foray 2004 ).
The term "tacit" was first introduced by Polyani (1966) , who proposed the notion that individuals can know more than they can tell, because they are often not conscious of the knowledge they possess. Frequent interactions with their user communities can assist users to exchange both tacit and codified knowledge. This is because these regular exchanges foster the establishment of common cognitive platforms and common social norms (Cohendet 2006 ), which in turn increase the willingness of individuals to share such knowledge with each other. Furthermore, the easy access to potential knowledge pools within user communities can significantly reduce costs users incur when searching for solutions to their problems; or for innovative ideas as to how they can better optimise the use of their products (Lakhani and von Hippel 2003; Franke and Shah 2003) .
To understand how user communities function, the theory of collective action (Olson 1965 ) is used to examine the incentives and mechanisms that motivate individuals to act in support of their group interests. With the phenomenal success of open source software in the last decade, interest in the theory of collective action and its application in explaining the microfoundations of open source communities soared (von Hippel and von Krogh 2003; von Krogh et al. 2003a) . The reasons as to why these horizontal innovation networks are successful, have been widely discussed (von Hippel 2002) . Apart from having analysed the extrinsic and intrinsic motivations -such as future -2-career benefits, skill improvement, fun, reciprocity and altruism -of individual programmers to voluntarily contribute to a public good (Lerner and Tirole 2002; Lakhani and Wolf 2005) , studies have also examined the organisational structures responsible for the internal functioning of these communities (Weber 2004) .
The objective of this study is to analyse the impact of both individual-and group-specific factors on the benefits users receive from their user communities. As rational individuals will only participate in and contribute to their user community if they perceive a net benefit, this knowledge is of particular importance for the management of successful user communities. This paper hence contributes to the literature on the management of user communities by providing a discussion of how user communities should be organised such that members' benefits are maximised. To quantify user benefits, the amount of time individual members save through having access to their user communities is used. The empirical analysis is based on 924 survey responses from individuals in 161 Computer Associates' user groups.
Hypotheses for the individual-and group-specific factors are derived from a diversity of disciplines ranging from sociology and psychology to economics and business. The empirical results propose that the following determinants have an impact on the benefits individuals are able to receive from their user communities: the number of intra-group informal ties, the amount of time users invest in their groups, the communication culture of the group, the number of star members in the group and the groups' membership requirements.
In Section 2 of this paper, extant relevant literature will be reviewed. Next, the hypotheses of the determinants of successful user communities will be derived in Section 3. This will be followed by the research methodology in Section 4 and a short introduction to Computer Associates and its user groups in Section 5. Section 6 describes the variables to be used in the empirical analysis and Section 7 presents the descriptive statistics, the results of the multivariate analysis, and a discussion of the implications of these findings for the management of user communities. Section 8 concludes.
2 Literature Review Olson (1965) was the first scholar to formalise the notion of collective action and the free rider problem 1 in his book, The Logic of Collective Action. According to Olson, the characteristic and primary function of organizations is to advance the common interests of groups of individuals.
-3-Hence, it can be considered that when any common interest of the group has been satisfied, then a collective good has been provided for that group. Olson particularly addressed the issue of the conflict between individual and collective interests and contended that in the absence of coercion and some separate individual incentive, rational self-interested individuals in a group will seek to maximise their personal welfare and not act to advance the interest of the group to which they belong to. His central thesis was that larger groups are less likely to succeed in achieving their goals as compared to smaller groups.
Olson supported his thesis with the argument that individuals will tend to free ride 2 on the contributions of others in large groups. This is because an increase in the size of the group decreases the likelihood that the contribution and non-contribution of any one individual will be perceptible.
In other words, if one member does or does not help to provide the collective good, no other one member will be significantly affected. Hence, individuals have little or no incentive to contribute to the group. When this free riding behaviour is in the interest of most or all members in the group, there would be an under-provision or even a non-provision of the collective good -this outcome is often termed the free rider problem.
Since the successful functioning of any organisation must be based on some circumvention of this free rider problem (Frohlich and Oppenheimer 1970) , a great deal of research on the issue of collective action in the last half century has focused on various incentives and mechanisms that mitigate this problem. In the following, these incentives and mechanisms will be illustrated using examples from the conventional collective action literature and the more recent open source software literature.
Although Olson (1965) first introduced the idea that the presence of separate incentives can motivate individuals to advance the interest of the group they belong to, it was Hardin (1982) who focused his work on the internal incentives that motivate groups to act. Separate incentives can be considered extrinsic motivations, which refer to the separable outcome (or indirect reward) that is attained when an activity is done (Ryan and Deci 2000) . One such separate incentive Hardin (1982) addressed, was the political entrepreneurship motivation, which occurs when individuals, who for their own career reasons, find it in their private interest to work to provide collective benefits to relevant groups. Tirole (2001, 2002) propose a similar separate incentive, which they refer to as the signaling motive for career advancements and/or future career benefits. Additional extrinsic motivations from the open source software literature include: monetary rewards, skill improvement and active peer review (Ghosh et al. 2002; Hertel et al. 2003; Lakhani and Wolf 2 Free riding can also be defined as the failure of individuals to reveal their true preferences for a collective good through their contributions (Cornes and Sandler 1996) . Free riders are hence individuals who see incentives to withhold their resources, hoping that the efforts of others will suffice to provide the good (Frohlich and Oppenheimer 1970) . Besides extrinsic motivations, Hardin (1982) also acknowledged the existence of intrinsic motivations, which refer to the inherent satisfaction of the doing of an activity (Ryan and Deci 2000 ).
Hardin's example of an intrinsic motivation was his concept of extrarational motivations, which occur when the unselfish and social motives of members bring about the provision of a collective good. For example, fervent nationalism might inspire a group of individuals to organise a political party. The social norm, reciprocity is also an example of an intrinsic motivation. Reciprocity refers to the behaviour of individuals to react to positive actions of others with positive responses and to negative actions of others with negative responses (Ostrom 1998) . Hence individuals may be willing to contribute to the group because they have benefited from the contributions of other group members in the past. Additional intrinsic motivations from the open source software literature include: fun (Torvalds and Diamond 2001; Lakhani and Wolf 2005; Bitzer et al. 2004) , reputation (Ghosh et al. 2002; Lakhani and Wolf 2005) , and altruism (Zeitlyn 2003; Bitzer et al. 2004 ).
Without the presence of a formal organisation or an informal group agreement, individuals may have insufficient intrinsic and extrinsic motivations to voluntarily contribute to the group (Olson 1965; Hardin 1982) . Hence, it is sometimes necessary for a central authority, in the form of an external institution or a group leader, to establish control mechanisms in the group that encourage members to participate and discourage free-riding (von Hippel and von Krogh 2003) . Examples of such control mechanisms include: facilitating the coordination between members, monitoring their contributions, or enforcing penalties against free riding (Oliver 1980; Swanson 1992; Taylor and Singleton 1993) . Additionally, the central authority can also promote a collective identity (Friedman and McAdam 1992) and social norms such as reciprocity, reputation and trust (Ostrom 1998 ) between members in the group. As mentioned above, such norms can be referred to as intrinsic motivations that can help solve social dilemmas 3 such as the free rider problem (Ostrom 1998 ).
In the following, the importance of group leadership to coordinate and monitor members' contributions of two successful open source software projects are presented. It is a common misconception that open source communities are simply "networked hordes of programmer/anarchists" (Raymond 1999) . Although individuals are intrinsically and extrinsically motivated to contribute to the open source community, it is nevertheless necessary for an individual or a group of individuals to take the lead in coordinating and organising community activities (Weber 2004 ing system based on a minimal quorum consensus rule to collectively involve all developers who contributed to Apache in the group's decision-making processes (Mockus et al. 2000) . This voting system is used not only to make code changes but also for the inclusion of new members (Fielding 1999 ).
To summarise, the theoretical and empirical literature on the conventional theory of collective action and open source software suggest that well managed groups can assist in promoting the intrinsic and/or extrinsic motivations of individuals to participate in and contribute to the group to which they belong to.
Determinants of Successful User Communities
This study will base its analysis on a specific type of organisation of individuals, that of user communities. User communities are defined as groups of individuals who all use a similar product and who learn how to use it better as they interact on a regular basis 4 (Wenger 2004) . Through the sharing of ideas, insights and experiences with each other, user communities provide benefits for their members. For instance, access to the user network and community documents can save individuals valuable time (McDermott 2002; Lakhani and von Hippel 2003) . This paper hence defines successful user communities as groups whose members have benefited significantly from their acquisition of knowledge and information from their user community. To quantify users' benefits, the amount of time individual members save through having access to their user networks is used. In the following, hypotheses of the impact of individual-and group-specific factors on users' benefits will be derived.
Individual-Specific Determinants

Number of Strong Ties
A tie is a relationship between two individuals. The strength of a tie is the combination of the 4 Franke and Shah (2003) used a similar 'communities of practice' definition for their notion of user communities.
-6-amount of time, the emotional intensity, the intimacy (mutual confiding), and the reciprocal services which characterise the tie (Granovetter 1973) . These relational ties between individuals can be considered channels for the transfer or the flow of resources, such as information and knowledge (Wasserman and Faust 1994) .
Although Granovetter (1973 Granovetter ( , 1983 proposes that weak ties distribute information more efficiently because it provides individuals with access to information and resources beyond those available in their own social circles, he acknowledges that strong ties have greater motivation to be of assistance and are generally more easily available. Applying Granovetter's strong tie hypothesis to the study of entrepreneurship, Jack (2005) finds that strong ties are instrumental for business activity and are used extensively to provide knowledge and information, as well as to maintain, extend and enhance business and personal reputations. Carpenter et al. (2003) also find that in inter-organisational contact-making in U.S. health politics, individuals tend to convey new information to their strong ties.
As individuals with a greater number of close contacts may be more accessible to receive new information and potential assistance to difficulties they encounter, it is expected that H1: Users who have a larger number of strong ties to other members benefit more from their user communities.
Learning Ability
An individual's experience on a series of related or similar tasks may improve his ability to learn new tasks. This progressive improvement in the performance of learning tasks is a form of knowledge transfer known as learning to learn (Ellis 1965; Estes 1970) . To illustrate this, Ward (1937) conducted an experiment where participants were required to learn successive lists of twelve syllables, one list a day, which were all about equal in difficulty. He found that participants required approximately thirty-eight trials to completely master the first list; twenty trials to reach mastery after six lists; and only fourteen trials to reach mastery after fifteen lists. Improvement in participants' learning rates were most rapid during the first six lists and were more gradual afterwards.
Similar results were obtained in a study by Melton and von Lackum (1941) .
As the investment in an individual's learning ability is expected to positively impact his ability to identify, assimilate and use new knowledge (Cohen and Levinthal 1990) , it can be assumed that:
H2: Users who invest more time in improving their learning abilities benefit more from their user communities.
-7-
Face-to-Face Communication
It has been shown that face-to-face communication promotes higher levels of cooperation 5 (Ostrom 1998; Ostrom et al. 1994 ). In particular, Sally (1995) finds that when participants communicate face-to-face in one-shot prisoners' dilemma and public good experimental games, their cooperation rate rises, on average, by more than 45 percentage points.
Additionally, face-to-face settings help promote the transfer of tacit knowledge. As tacit knowledge can be neither expressed in a particular language nor recorded on a particular medium (Cowan et al. 2000; Foray 2004 ), face-to-face dialogues or interactions can facilitate the articulation of tacit knowledge into codified knowledge (von Krogh 1998; Foray 2004) . Polyani (1958) contends that such tacit knowledge can only be passed on by example from master to apprentice. Hence, H3: Users benefit more from face-to-face interactions as compared to other forms of communication with their user communities.
Group-Specific Determinants
Open Communication
An open exchange of information within groups can limit conflict between members (Lau and 
Number of Star Members
Star members in open source software projects refer to the core group of developers who contribute most of the code and oversee the design and evolution of the project (Crowston et al. 2006; von -8-Krogh et al. 2003b ). In the case of the biotechnology industry, Zucker and Darby (1996) found that the number of collaborative links to star scientists had significant positive effects on the success 6 of new biotechnology enterprises. These star scientists were highly productive researchers who accounted for only 0.8% of all scientists listed in GenBank 7 through to 1990, but for 17.3% of all published articles.
Similar to open source software communities, star members in user communities are characterised as having a high level of experience, skill and knowledge of the product they use. The participation of these star members can help stimulate constructive discussions and informational exchanges between the users. Therefore, a greater number of these star members can result in a higher quality of the available pool of knowledge in the community. Thus, H5: Users benefit more from user communities that have a larger number of star members.
Exclusivity
In the theory of clubs, individuals group together to share the cost of a public good. One of the underlying premises of club theory is that group size must be controlled for to ensure optimal sharing (Buchanan 1965) . Hence, exclusion mechanisms are frequently used to monitor users' rates of utilisation and to bar nonmembers and/or nonpayers. It is considered that such exclusion mechanisms provide incentives for members to join, to contribute to the group and to pay dues (Cornes and Sandler 1996) . It is therefore, proposed that H6: Users benefit more from user communities that have exclusion mechanisms.
As exclusivity can take more than one form, the following subhypotheses are expected:
H6a: Users benefit less from user communities with memberships that are open to the general public.
H6b: Users benefit more from user communities that require their members to pay a membership fee.
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Research Methodology
Computer Associates' user groups were selected as the specific research context, to quantitatively analyse the above-mentioned hypotheses on the determinants of successful user communities. To assist in the formulation of the questionnaire, explorative interviews with twenty-nine user group presidents and members, as well as a CA employee who was responsible for the user group program, were conducted between October and December 2004. From the interviews, it was decided that a web-based questionnaire would be the ideal data-collection method.
Between To supplement the collected data, an additional interview with a CA employee was conducted on the 16th November 2005 with the specific aim to gain more information regarding the history of the CA user group program.
Computer Associates' User Groups
Computer Associates (CA) was founded in 1976 when Charles Wang decided to market a sorting program, CA-SORT for IBM mainframes (Campbell-Kelly 1995) . Since then, CA has acquired more than seventy firms, ranging from medium-sized companies valued at a few million U.S.
dollars up to larger companies such as Legent, which CA acquired at a cost of US$ 1.8 billion in 1995 (Campbell-Kelly 2000) . As a result of the numerous acquisitions, CA possesses today a diverse product portfolio and delivers products and services for operations, security, storage, life cycle and service management 9 . CA is currently one of the world's largest independent software vendors 10 .
8 http://causergroups.com/UserGroups/ (accessed on the 7th July 2005).
9 See the Appendix for a brief overview of the various software products CA offers.
10 Based on 2003 revenues, the OECD ranked CA fifth in the independent software vendor industry behind Microsoft Corp., Oracle Corp., SAP AG and Softbank Corp. (Houghton 2004 ). In the worldwide distributed performance and availability management software industry, CA had the fourth largest revenue in 2004 (Grieser 2005 ).
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The CA User Group Program
Through their many acquisitions, CA had also inherited a large number of user groups. During a discussion with some customers at a user conference in 1990, Charles Wang recognised the need to have a formal CA user group program to support his customers. The decision to establish this program was to provide CA users with a platform to communicate not only with other users but also with CA. This close communication was expected to bring learning benefits to the users. CA on the other hand was expected to gain not only from the user-input for the development process of their products but also from customer references who were willing to help them sell their products.
Although CA wanted their user groups to be operated independently from them, they wanted to have the possibility to attend these user group meetings to occasionally conduct presentations on updates of their products and to listen in on the types of issues and concerns that the users discussed amongst themselves. Through the years, the user group program became more centralised with CA taking over a large proportion of the organisational planning for the user groups.
In the early nineties, the user group program consisted of around 20 security software groups and roughly 10 systems software groups. To date, there are over 300 user groups worldwide, each supporting any one or more of CA's software product categories.
To be an officially supported CA user group, user groups have to satisfy a number of requirements. Firstly, each group has to have a minimum of 20 members from at least eight companies 11 .
Secondly, it is required that members meet physically at least once a year for a full-day meeting.
Thirdly, although user groups have the freedom to choose their members, CA specifies that user groups are not allowed to be used for the solicitation for a member's personal or company benefit.
Lastly, CA does not support the establishment of a new user group within a one hour commute of an existing CA user group that supports the same CA product/s.
Official CA user groups are entitled to logistical support from CA, such as the assistance in the organisation of user group activities; free refreshments and the use of CA facilities for user group meetings; as well as web administration support for their user group web sites. Furthermore, user group presidents are given free accommodation to attend the Computer Associates Regional Exchange (CARE) conference, which takes place 2 days before CA's official annual user conference, CA World. The CARE conference consists of a 2 day program where user group presidents not only have the opportunity to network with other IT professionals (i.e. other group leaders) and personally communicate with the product and development managers of their respective software products, but also have the chance to voice out their feedback and opinions to executives on the 11 User groups established before April 2000 required a minimum of eight members from at least four companies.
-11-management board of CA. In addition, group leaders also receive a registration fee waiver to attend CA World.
How CA Leverages its User Groups
To provide an illustration of how CA leverages its user groups, this section will focus on one particular CA product, the life cycle management mainframe software -Endevor. The Inter-National
User Group for Endevor (I-NUGE) 12 is a group of Endevor users made up of representatives from individual local user groups from around the world. Since its establishment in 1992 13 , the I-NUGE has provided its members with a platform for the open exchange of knowledge, experiences, resources, and questions to organisations and individuals involved in the design and development of software applications using Endevor tools and related software. Furthermore, the I-NUGE also acts as an intermediary between CA and Endevor users by organising and prioritising enhancement and upgrade requests from its members and by providing a means of presenting a united position on various issues (when requested by the membership) to CA.
Each I-NUGE member not only represents an organisation that is in possession of a CA license of the Endevor software but also one of the 26 local Endevor user groups recognised by CA. Each local group may appoint up to three I-NUGE representatives, although only one vote is allowed per local user group regardless of the number of representatives from that group. Membership of the I-NUGE also includes a CA representative from the CA Endevor product group, whose involvement in the group is only upon request and as a non-voting participant. The executive board of the I-NUGE consists of a president, a vice-president, an administrator, an internet webmaster, a
European liaison, a Asia-Pacific liaison, and the past president from the previous year.
One important function of the I-NUGE for CA is its coordination of the Demand Analysis Requests (DAR) process. DARs are change and/or fix requests submitted by users to CA for updating their software product. At the individual local user group level, members suggest and vote for DARs that they would like for CA to implement in their future releases. These locally prioritised DARs are then accumulated by the I-NUGE and further prioritised, this time at the international level. These internationally prioritised DARs are then submitted by the I-NUGE to CA. As compared to requests submitted by individual organisations, these "power in number" requests are significantly more influential. It should however be noted that CA exercises its discretion in deciding which of the submitted DARs to implement in future releases of their software.
-12-Besides assisting in the transfer of user-specific information from the users to CA, the I-NUGE also disseminates firm-specific information from CA to its members. Examples of such information include updates of the development process of the next Endevor release, announcements of general technology update webcasts, as well as registration requests for beta testers and development buddies 14 .
Furthermore, CA also profits from the user-to-user support in the user groups. Instead of contacting the official CA support lines, individual users can browse forum archives of their local
Endevor user groups or approach other members for assistance when they encounter difficulties with their software. Additionally, users can also browse the I-NUGE shareware website to access a compilation of user-generated add-ons, utlities and applications.
Data Description
Before the determinants of successful CA user groups can be identified, it is necessary to firstly provide a brief description of the dependent, independent and control variables to be used in the multivariate analysis.
Dependent Variable
Time Saved
The benefits users received from their user communities are measured by the perceived number of hours of personal work time they were able to save over the course of the last year. If users were uncertain of the approximate number of hours they saved, they had the possibility to indicate a range of hours.
If users indicated the number of hours they saved as an interval, time saved lower refers to the lower bound and time saved upper the upper bound of their indicated interval.
The variable time saved mean refers to the geometric mean 15 of time saved upper and time saved lower. To take into account users who had indicated intervals where the lower bound was 0, the following formula is used to calculate time saved mean, T ime saved mean = (time saved lower + 1)(time saved upper).
14 The CA Development Buddy Program gives users the opportunity to work closely with CA developers on a specific functionality of the software. 15 The geometric mean is smaller than or equal to the arithmetic mean, as it gives more weight to the lower as compared to the upper bound. This measure is more appropriate than the arithmetic mean, because the amount of time users saved is positively skewed. See Figure 1 for an illustration of this skewed distribution.
-13-To ensure consistency, it is also necessary to perform a similar transformation for users who responded with a point estimate, time saved point with the following formula, T ime saved mean = (time saved point + 1)(time saved point).
Independent Variables
Strong Ties
The number of strong ties is the number of close contacts (excluding colleagues) users have in their CA user group. Close contacts are defined as individuals with whom they communicate frequently, whom they can approach at any time for help and whom they would willingly help at any time.
Time Spent
The number of days individuals spent participating in formal user group activities in the course of the last year will be used as a proxy for an individual's investment in his learning ability. Four dummy variables are generated. The first dummy no participation takes the value 1 if individuals did not participate in any formal user group activities in the last year, and 0 otherwise. The next dummy time spent 1 takes the value 1 if individuals spent between 0 and 2 days, and 0 otherwise.
The third dummy time spent 2 takes the value 1 if individuals spent between 3 to 6 days, and 0 otherwise. Finally, the last dummy time spent 3 takes the value 1 if individuals spent 7 days or more, and 0 otherwise.
Face-to-Face Communication
In the course of the last year, users could formally communicate with other members in the group through physical meetings; web, video and telephone meetings; as well as through the user group's forum. Two dummy variables are constructed. The first dummy face-to-face takes the value 1 if users interacted face-to-face with their user group in the last year and 0 otherwise. The second dummy no face-to-face takes the value 1 if users only interacted with their user groups through web, video and telephone meetings, and/or through the user group's forum; and 0 otherwise 16 .
Stars
Users were asked to indicate their estimate of the number of highly qualified individuals in their CA user group, of whom they have learnt a lot from. Highly qualified individuals are defined as experienced and skilled users whom have a high knowledge of the CA software. To proxy for the number of stars in each user group, the average number of respondents' estimates per user group is used.
Open Culture
16 These two dummy variables need not be perfectly multicollinear with each other, as there may exist users who did not participate in any formal user group activities. See the description of time spent for more details. is used.
Control Variables
Female
To control for gender effects, this variable takes the values 1 for females and 0 otherwise.
Learn
Users who joined the user group with the intention to learn may have different expectations from the user community as compared to users who joined for other reasons. Users were asked to indicate the extent to which they agreed or disagreed with the following statement on why they joined their user group: "For the opportunity to learn from experienced users". Learn takes the value 1 if users indicated that they either strongly agreed or somewhat agreed with the statement, and 0 otherwise.
Used code
To control for individuals who made use of source code from other members in their user community this variable takes the value 1 if respondents indicated that they used source code of other members in their user groups, and 0 otherwise.
Reciprocity
Reciprocity is a social norm that may affect the benefits users are able to receive from their user communities. To control for this effect, reciprocity takes the value 1 if respondents indicated 17 A more restrictive form of membership is to allow only individuals of firms who have a license of the CA product to be members.
-15-that they either strongly agreed or somewhat agreed with the following statement: "I help other members because I received help from this CA user group in the past", and 0 otherwise.
Committee
User group presidents and other committee members invest additional time managing and organising activities for their user groups. To control for this extra time, which is not accounted for in the time spent variable, the committee variable takes the value 1 if the user is a committee member of his user group and 0 otherwise.
Contribute
Individuals can contribute to the user group by sharing information on their use experience with the CA software. They can do this by making a presentation, by participating in discussion-sessions or by making posts on the user group's forum. Users were asked to indicate the extent to which they agreed or disagreed with the following statement: "I reveal information on how my company utilises the CA software because I benefit from the resulting discussions." This variable takes the value 1 if respondents indicated that they either strongly agreed or somewhat agreed with the statement, and 0 otherwise.
Use Experience
To control for the level of experience of users, users were asked to indicate the year in which they started using their most important CA software that they frequently used at their present employment. The use experience variable is constructed by subtracting their indicated year from
2006.
7 Empirical Analysis 7.1 Descriptive Statistics 18 Although a total of 1055 responses were received, only 924 were completely filled out with respect to the abovementioned variables.
19 Approximately 22% of the respondents indicated the amount of hours they saved as an interval. 20 The maximum reported here is the time saved point estimate of 600 hours.
-16- having spent between 0 and 2 days, 30% between 3 and 6 days, and only 10% having invested 7 days or more in their user groups. Face-to-face interaction seems to be the most popular means of communication between users and their user groups as 73% of respondents 22 had attended physical user group meetings. This finding is not surprising as CA requires its user groups to meet at least once a year for a full-day meeting. 5% of the respondents participated only in the user group's forum and/or in web, video and telephone meetings in the last year.
The next four variables are user group-specific characteristics. 87% of the respondents belong to CA user groups that have an open culture of communication. As displayed in Table 2 , 84% of the 161 user groups have members who are willing to share and exchange information with one 21 The number of hours presented here refer to the time saved mean variable as described in Section 6.
22 93% of all participants who participated in formal user group activities (N=719) interacted with their user groups face-to-face.
-17- another. Finally, only 13% of the user groups require their members to pay a membership fee; 17% of the respondents are in such user groups.
22% of the respondents are female. Consistent with the definition of user communities as introduced in Section 3, 93% of the respondents indicated that they joined their user groups with the aim -18- to learn. Users were also asked if they had utilised source code written by other users in their user group. 21% indicated that they make use of add-ons, utilities, applications and/or exits from their user community. Majority of the respondents seem to exhibit the social norm reciprocity, as 57% of the respondents indicated that they were willing to help other users because they had received assistance from their user group in the past. 28% are committee members in their user groups. This finding is not surprising as these individuals are more committed and interested to participate in a survey regarding their user group. Another reason for this relatively high percentage could also be because committee members were contacted directly to participate in the survey, whereas regular user group members were informed of the survey indirectly through their committee members. As 74% of the respondents contribute to their user communities, the free-rider problem (introduced in Section 2) does not seem to be a substantial problem in majority of the CA user groups surveyed.
Finally, the average number of years that users have had experience with their CA software is 10.57
and there appears to be a relatively diverse level of use experience amongst the users as can be seen from the first percentile (6 years), the second percentile (9 years), the third percentile (15 years) and the 95% percentile (23 years). This result suggests that CA user groups provide a platform for newer users to learn from more experienced individuals. A closer inspection of this variable at the user group level reveals that majority of the user groups have users with a relatively heterogeneous level of use experience. Table 3 presents an overview of the bivariate relationships between the independent and control variables 23 . It can be seen that with the exception of 4 correlation coefficients, all the rest of the coefficients are below 0.25. These stronger interrelationships will be elaborated in the following.
Firstly, there appears to be a negative relationship (ρ = -0.35) between respondents who do not participate and those who invest between 3 and 6 days in user group activities per year. As these 2 variables have dichotomous values that represent nominal data, this negative relationship is a result of the approximately equal numbers of individuals who did not participate (N=236) and those who 23 The variables time spent 1 and face-to-face are omitted in the table, as these 2 variables will not be included in the multivariate analysis in Section 7.2.
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Multivariate Analysis
To empirically test the hypotheses introduced in Section 3, this paper will apply a pooled interval estimation method with robust standard errors in the presence of intra-cluster correlation. First, a short overview of the estimation method is presented. This is followed by the empirical analysis of the estimated models.
Estimation Method
As the analysis uses data from individuals in different user groups, there is a high probability that responses from individuals within the same user group may be correlated, possibly through unobserved cluster effects (Wooldridge 2002) . This intra-cluster correlation is often referred to as over-dispersion or extra variation in an estimated statistic beyond what would be expected under independence. Hence, analyses that assume independence of the observations will tend to underestimate the true variance, which would lead to test statistics with inflated Type I errors (Williams 2000) . To avoid this over-dispersion problem in ordinary least squares (OLS) regressions, unbiased variance estimators can be computed (Rogers 1993) .
24 See Wasserman and Faust 1994 for a more detailed description of centrality in social networks.
-21-Let the model be
where y represents continuous outcomes of time saved and X the dependent and control variables.
The model assumes ∼ N (0, σ 2 I). To estimate β, the OLS method minimises the sum of squared errors (ε ε), where ε ε = (y − Xβ) (y − Xβ).
The OLS estimate of β is
and its variance is
Under the assumption that the observations are independently and identically distributed, this variance reduces to (X X) −1 σ 2 . In the presence of intra-cluster correlation this assumption is relaxed, which allows for non-identical diagonal terms as well as nonzero off-diagonal terms. However, as observations from different clusters are assumed to be independent, these off-diagonal terms can only take on nonzero values if observations come from the same cluster. These nonzero terms are then represented by the appropriate products of the residuals (Rogers 1993) .
Approximately 22% of the respondents indicated the number of hours they saved in the last year as an interval. One possibility to analyse such interval data is to estimate a pooled OLS regression on the arithmetic or geometric mean of these intervals. The drawback of this OLS method is that the analysis would not reflect any uncertainty concerning the nature of the exact values within each of these intervals 25 . Hence analysing the data with an interval regression -a slightly modified version of the standard censored tobit model (Tobin 1956 ) -would provide more accuracy to the estimation results. An advantage of the interval regression over the OLS estimation method is that it is able to estimate the β coefficients even if the dependent variable y is non-observable, provided the interval in which y falls is observable (Wooldridge 2002) .
Assuming the same model as in Equation (1), y is now defined as continuous outcomes which are either observed or unobserved. For observations j ∈ ζ, y j is observed as point outcomes.
Observations j ∈ θ are intervals, such that y j is in the interval [y 1j , y 2j ]. The interval regression is estimated using the maximum likelihood method. The log likelihood to be maximised is 25 www.ats.ucla.edu/stat/stata/dae/intreg.htm (accessed on 4th April 2006) -22-
where Φ() is the standard cumulative normal. 26 Similar to the OLS regression method, unbiased variance estimates can also be computed for the interval regression to control for intra-cluster correlation. Table 4 presents the results of the above-mentioned estimation method. The logarithmical forms of the number of hours saved, the number of strong ties and the number of star members will be used in the analysis. To accommodate for 0 values, the logarithm of 1 plus the values of each variable is used.
Empirical Results
To test for the presence of heteroscedasticity in Model 1, the σ term was expressed in the loglikelihood function of Equation (5) in the presence of intra-cluster correlation are estimated to control for both heteroscedasticity and cluster effects.
As can be seen from Model 1 in Table 4 , the number of strong ties users have in their user groups is positively significant at the 1% level. 27 In particular, when a user's number of strong ties doubles, the number of hours he can save increases by approximately 22.4%. Hence, the results support hypothesis 1 that users benefit more from a greater number of strong relational ties as this increases the number of channels from which they can receive relevant information and knowledge.
As a proxy for an individual's investment in his learning abilities, 3 dummy variables on the amount of time the user invests in participating in user group activities are included. The reference group are users who participate between 0 and 2 days per year. Results show that individuals who do Robust standard errors in brackets * significant at 10%; ** significant at 5%; *** significant at 1%
-24-not participate in user group activities receive 37.5% less benefits from their user groups as compared to individuals who invest between 0 and 2 days per year; this result is significant at the 1% level. Individuals who spend 3 days or more engaging in user group activities are able to save significantly more time; the individual effects of time spent 2 and time spent 3 are significant at the 5% and 1% level respectively. To test if an individual's benefits increases when he invests more time to improve his learning abilities (hypothesis 2), it is necessary to conduct a joint-test with the following null hypotheses:
The chi-squared statistic of this joint-test is 26.16 with 3 degrees of freedom, and a p-value of 0.
This means that the joint null hypotheses can be rejected at the 1% level of significance. It can hence be concluded that users who spend more time with their user groups, i.e. invest more in their learning abilities, benefit more from their user communities. As a result, hypothesis 2 can be verified by the data.
Although the coefficient of the no face-to-face variable has a negative sign, the effect is not significant. This indicates that individuals who only interact with their user groups either through their user group's forum and/or through web, video and telephone meetings do not benefit less from their user groups as compared to individuals who participate in physical meetings 28 . It should however be noted that as only 6.54% of users who did engage in user group activities (i.e. only 47 respondents) did not have face-to-face interaction with other members in their user communities, the power of the above-mentioned joint-test is relatively small. Nevertheless, hypothesis 3 cannot be confirmed with the data.
Users in user groups with an open culture of communication are able to save 27.4% more hours as compared to users in user groups whose members are hesitant to share and exchange information with one another. When the number of star members in a user group doubles, users are able to increase the number of hours they save by approximately 20.6%. Both these group-specific determinants are significant at the 5% level. Hence, the data provides evidence that hypothesis 4 and 5 can be validated.
Individuals who are in user groups with an open membership save 14.6% (significant at the 10% level) more hours per year as compared to individuals who are in user groups whose memberships 28 78.7% of respondents who participated in physical meetings also participated in their user group's forum and/or in web, video and telephone meetings.
-25-are not open to the public. Hence, hypothesis 6a cannot be confirmed by the data. Next, users who have to pay a membership fee save 20.7% (significant at the 5% level) less hours as compared to users in user groups that do not charge membership fees. Thus, hypothesis 6b is also not supported by the data. A joint-hypothesis test of the significance of both these variables further concludes that they are jointly significant. The chi-squared statistic of this joint-test is 9.49 with 2 degrees of freedom, and a p-value of 0.0087. These results provide evidence that at the 1% level of significance, individuals in user groups with less restrictive membership requirements are able to benefit more from their user groups. Hypothesis 6 is thus invalidated by the data.
In addition to the dependent variables, 7 additional control variables are also included in the estimation. Results show that females save significantly less hours as compared to males. Individuals who had joined their user groups with the intention to learn are able to save more than individuals who had joined their communities for other reasons. In comparison to users who do not utilise source code from other members in their community, users who do are able to save significantly more hours. Users who exhibit reciprocal behaviour are also able to save more hours than those who do not have this reciprocity characteristic. Additionally, users who contribute to their user groups are also able to benefit more from them. Finally, committee members and more experienced users do not significantly benefit more (or less) from their user communities. A joint-hypothesis test is conducted to test for the joint-significance of all the control variables. The chi-squared statistic of this test is 255.27 with 7 degrees of freedom, and a p-value of 0. Hence, all 7 control variables are jointly significant.
To check the reliability and robustness of the results from Model 1, the sample is reduced to include only user groups from which at least 4 responses were received. This reduction in the sample also seeks to avoid potential endogeneity problems that may arise, as group specific variables such as the number of stars in each group and the openness of the group will now be based on at least 4 members of each group. Model 2 provides the results of the pooled interval regressions with heteroscedasticity-robust standard errors in the presence of intra-cluster correlation of 805 responses from individuals in 92 different user groups. It can be seen that the results are relatively similar to those of Model 1. Hypothesis 1 is still significantly supported by the data at the 1% level. A joint-hypothesis test 29 validates hypothesis 2 at the 1% level. Hypothesis 3 still cannot be confirmed. Hypothesis 4 can be verified at the 10% level and hypothesis 5 at the 5% level. Lastly, hypothesis 6a, 6b and 6 are again invalidated 30 by the data. 29 The chi-squared statistic of this joint-test is 19.51 with 3 degrees of freedom, and a p-value of 0.0002. 30 The chi-squared statistic of this joint-test is 9.50 with 2 degrees of freedom, and a p-value of 0.0086.
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Management Implications
This paper will now present four key findings of the empirical results for the successful management of user communities.
Social Bonding Activities
An essential characteristic of a successful user community is the existence of a social network. It has been shown that users who have a greater number of close contacts (i.e. strong ties) within their communities and who exhibit reciprocal behaviour benefit more from their user groups. Although it was not possible to validate the hypothesis that face-to-face interaction is more beneficial than other forms of virtual communication (due to the low power of the test), face-to-face meetings are a very good means of stimulating social interactions between members. For instance, members can get to know each other better through social events or functions that may take place before, between or after formal group meetings. Alternatively, more user-to-user contact can be stimulated through longer or more frequent intermission breaks between presentations at physical user group meetings. Such social bonding activities may not only promote social norms such as reciprocity and trust but can also facilitate the establishment of close contacts between group members.
Quality and Frequency of Informational Exchanges
User group meeting programs should consist of topics and issues that majority of the members are interested in and that are of a high quality as this would motivate more members to participate.
Moreover, an active user group forum that has a regular exchange of knowledge between members will also motivate users to invest time to read and make posts on their group's forum (Lazar and Preece 2002) . This is important because the empirical results indicate that users who spend more time engaging in group activities are able to benefit more from their groups.
Incentive Scheme for Stars
Results provide evidence that users in user groups with a larger number of star members are able to benefit more from their communities. This suggests that user communities can be used as a platform for the transfer of knowledge not only from more experienced stars to less experienced users, but also between experienced stars. Hence, one could provide incentives to attract and motivate highly experienced individuals (stars) to join and actively participate in user communities.
There are various ways in which such a scheme can be implemented, either user-or firm-initiated.
For instance, star members (as voted by the group) may receive a complementary voucher for a meal or a drink, sponsored by the rest of the members. Firms can also introduce incentives for star members, such as to provide more customised support or a reduced fee of the product to companies of star members. Alternatively, firms can recognise a star's participation in the community by inviting the star to be part of an executive user committee that is involved in the decision making -27-process of future development strategies for the product 31 .
Open Membership and Communication
Results propose that user communities should be open to the general public and have less restrictive membership structures. Individuals in user groups that do not impose a membership fee and/or allow interested individuals from the public to become members, benefited more from their communities. A less restrictive membership structure may increase the potential knowledge pool available by allowing a wider diversity of individuals to participate and contribute to the community. Additionally, the empirical results also suggest that there should be a free flow of knowledge and information within user communities. Hence, users should be encouraged to share their ideas, insights and experiences with each other.
Conclusion
By comparing the amount of time individuals in different user groups were able to save over the course of the last year, the aim of this study is to identify the determinants of successful user communities. Empirical findings demonstrate that the following determinants are relevant individualspecific factors: the number of strong intra-group contacts a user has and the amount of time users invest in their user groups. Furthermore, results also propose that user communities with an open communication culture, a larger number of star members and less restrictive membership requirements are more successful.
As user communities are voluntary in nature, rational individuals will not participate in and contribute to these groups unless they perceive a net benefit. Hence, the successful organisation of these communities is essential for members to be able to constantly leverage their user network for their own benefit. This paper proposes the following four implications for the management of user communities. Firstly, group leaders are advised to give users more opportunity to socially interact with each other at a more personal level. Secondly, it is essential that members not only have regular contact with one another throughout the course of the year, but that group leaders and forum moderators ensure that the knowledge and information exchanged within the group be of a high quality and relevance for majority of the users. Thirdly, it may be advisable to introduce an incentive for highly experienced and knowledgable users to join and participate in user group meetings, as their presence may increase the potential competence and attractiveness of the group. Lastly, user communities should not only be more open to the general public and have less restrictive membership structures, but also possess an open culture of communication. 31 An example of such a committee is CA's Product Advisory Councils, which consist of product-specific groups of experienced, prominent IT and business professionals that help guide CA in its future offerings.
-28-Although these implications have been based on user groups associated to a proprietary software company, there exists sufficient group heterogeneity (due to the diversity of products CA provides and the large number of acquisitions CA made in the past) to be able to generalise these results for similar forms of user communities where users voluntarily group together to learn from each other. However, more industry-specific information will be needed before these implications can be applied to industries outside the software industry. Nevertheless, the above-mentioned implications for the management of user communities provides a first insight into how groups of users can be organised. This knowledge is of particular importance for firms that intend to leverage user communities for innovation management. As illustrated in Section 5.2, a well managed user community can be used to efficiently organise and prioritise the pool of user information regarding their needs, feedback to existing products as well as ideas for new products. Furthermore, an open exchange of information and knowledge within these user communities can help enhance the creativity and innovative potential of individual users, which may result in user innovations (Shah 2005) . Under certain conditions, firms may even be able to harness these user innovations and integrate them into their own proprietary solutions (Mayrhofer 2005) .
A symbiotic relationship between firms and their user communities can provide conducive conditions for firms to constantly leverage their communities for innovation management (Dahlander and Magnusson 2005) . This study has focused its analysis on the benefits users can obtain from their user communities. Future research should be directed towards investigating the integration of user communities into firms' research and development teams and examining the benefits firms are able to obtain from this integration. More research is still necessary before a framework for the optimal integration of user communities into firms' product development processes can be developed. One possibility could be to use user communities to identify leading-edge users, who have been shown to be essential sources of innovation (Urban and von Hippel 1988) . In particular, user communities may be able to help reduce the search costs involved in finding these leading-edge users as well as in reducing the uncertainty of their dedication and commitment to cooperate with the firm.
